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An important task of natural resource management is deciding amongst alternative policy options, in-
cluding how interventions will affect the dynamics of resource exploitation. Yet predicting the behaviour
of natural resource users in complex, changeable systems presents a signiﬁcant challenge for managers.
Scenario planning, which involves thinking creatively about how a socio-ecological system might de-
velop under a set of possible futures, was used to explore uncertainties in the future of the Indian Ocean
tuna purse seine ﬁshery. This exercise stimulated thinking on how key social, economic and environ-
mental conditions that inﬂuence ﬂeet behaviour may change in the future, and how these changes might
affect the dynamics of ﬁshing effort. Three storylines were explored: an increase in marine protection,
growing consumer preference for sustainable seafood, and depletion of tuna stocks. Comparing across
several possible future scenarios, a number of critical aspects of ﬂeet behaviour were identiﬁed that
should be important considerations for ﬁshery managers, but which are currently poorly understood.
These included a switch in ﬁshing practices, reallocation of effort in space, investment in new vessels and
exit from the ﬁshery. Recommendations for future management interventions in the Indian Ocean were
offered, along with suggestions for research needed to reduce management uncertainty.
& 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).1. Introduction
An important task of ﬁsheries management is deciding
amongst alternative policy options. In doing this, policymakers
must anticipate, typically using models, how key elements and
dynamics of the system are likely to change in the future, and
evaluate how the outcomes of management policies might be af-
fected by this change. However, the future is loaded with un-
certainty and surprise, and generating accurate, long-range bio-
logical, economic or political forecasts is a major challenge. In
some regions, improved understanding of system dynamics and
breakthroughs in computing power have led to the development
of whole-of-system models (e.g. Atlantis, [22]), which has gone
some way to improving the accuracy of forecasts. However, this
depth of understanding and complexity of modelling is still be-
yond reach in most ﬁshery systems, and in complex and uncertain
systems the usefulness of modelled predictions of the future is
limited [10].
In all ﬁsheries systems, resource users are the key linkager Ltd. This is an open access articl
ies),
).between policymakers and the resource. The success of a man-
agement policy is more often than not contingent on the beha-
viour of ﬁshers, and unexpected behaviours, resulting from a re-
sponse to management or change in other drivers, can potentially
generate unintended and undesirable outcomes (e.g. [5,25]). De-
spite the importance of ﬁsher behaviour, this linkage between
implementation and outcomes of management has often been
downplayed or ignored in planning [23]. This is not helped by a
lack of clarity on the role of ﬁsher behaviour in management;
whilst there has been considerable work directed at characterising
ﬁsher behaviour and understanding its drivers (see [40,44]), there
has been little focus on the role of ﬁshers in achieving (or un-
dermining) management outcomes. Hence, ﬁsher behaviour re-
mains an important source of uncertainty in ﬁsheries systems [23].
Scenario planning is a promising approach for aiding man-
agement decision making in complex, changeable systems. Rather
than focussing on the accurate prediction of a single probable
future, scenario planning involves thinking creatively about how
the system might develop under a set of possible futures. In this
way, policymakers can consider a range of plausible ways in which
system dynamics might change, including surprise and cata-
strophe, and identify key uncertainties that might hinder the de-
sign and implementation of effective management policies. Sce-
nario planning has been used extensively in business and politicse under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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recently, scenarios have been used in the environmental sciences
to improve decision making in complex ecosystems [3,46], to an-
ticipate change in ecosystem services [36] and to explore strate-
gies for sustainable development [39]. For instance, scenario
planning was used in the Millennium Ecosystem Assessment for
exploring the ways in which policy decisions may drive future
ecosystem change, how ecosystem change may constrain future
decision making, and ways in which ecological feedback may lead
to surprise [32].
In this study, scenario planning was used to explore un-
certainty in the future of the Indian Ocean tuna purse seine ﬁsh-
ery, focussing attention on the behaviour of ﬁshers. The aimwas to
stimulate thinking on how the key social, economic and environ-
mental conditions that inﬂuence ﬁsher behaviour, which are dif-
ﬁcult to accurately forecast, may change in the future, and how
these changes might affect the dynamics of ﬁshing effort. A
number of key aspects of ﬁshing behaviour suggested in the sce-
narios as important considerations for policymakers were identi-
ﬁed, and the current state of research on these behaviours was
brieﬂy reviewed to recommend avenues for future research.2. Overview of scenario planning
There are many different approaches to scenario planning,
which mainly differ in emphasis rather than method, depending
on the goals of those who created them [37,4,43,45,46]. The sce-
nario planning approach used here is adapted slightly from that
described by Peterson et al. [36], who introduced the methodology
of scenario planning to the discipline of conservation science. To
the best of the authors' knowledge, there have been no scenario
planning exercises published in the ﬁsheries science literature, nor
in the context of resource user behaviour. Peterson et al. describe
scenario planning as consisting of six interacting stages, which, in
order to incorporate a wide range of perspectives, are typically
carried out in a workshop format by a diverse group of, for ex-
ample, research scientists, managers, policymakers, and other
stakeholders. In this case, the scenario planning exercise was the
culmination of three years of detailed research on tuna purse seine
ﬁsher behaviour and was carried by the lead author (T. Davies) as a
desk-based study.
2.1. Identiﬁcation of the focal issue
Having a speciﬁc question in mind provides focus when ex-
amining possible futures, and therefore the identiﬁcation of a clear
focal issue is the ﬁrst and arguably the most important stage in
scenario planning. Here, the focal issue was uncertainty in dy-
namics of effort allocation in the Indian Ocean tuna purse seine
ﬁshery. These dynamics include two short term skipper-level be-
haviours; the allocation of effort in space and the allocation of
effort between the two main ﬁshing practices (ﬁshing on free-
swimming schools or ﬂoating objects), and two long term com-
pany-level behaviours; investment in ﬁshing capacity and parti-
cipation in the ﬁshery.
2.2. Assessment of the system
This stage should determine what is known and unknown
about the forces that inﬂuence the dynamics of the ﬁshery system.
The focal issue is used to organise an assessment of the actors,
institutions and ecosystems that deﬁne the ﬁshery and identify the
key linkages between them. It is also important to identify engines
of external change, whether they be social, economic or environ-
mental, that drive system dynamics. Here, this assessment wasbased on an understanding of the system generated during the
course of the research; from review of the academic and technical
literature, interviews with skippers and other ﬁshery experts, and
primary research [12–14].
2.3. Identiﬁcation of alternative futures
This stage involves the identiﬁcation of alternative ways that
the system could evolve in the future. How far into the future
depends on the focal issue and the system; this study looked
forward 15 years, as this was considered an appropriate length of
time for both short term behaviours (e.g. patterns of effort allo-
cation) and long term behaviours (e.g. investment in a ﬂeet) to be
inﬂuenced by the dynamics of the system. Although inherently
uncertain, alternative futures should be plausible yet at the same
time imaginatively push the boundaries of commonplace as-
sumptions about the way in which the system will develop. These
alternative futures should be based upon two or three uncertain or
uncontrollable system drivers that have been determined in the
previous assessment stage. For instance, uncertainties might arise
from unknown behaviour of a group of actors, or from unknown
dynamics in the natural or socio-economic components of the
system.
2.4. Creating storylines
The next step is to translate alternative futures into descriptive
storylines, based on the understanding of the various actors and
drivers in the system accumulated during the assessment stage.
Storylines should expand and challenge current thinking about the
system, although they should be limited to three or four; a set of
two storylines is usually too narrow, whereas more than four may
complicate or confuse the scenario planning exercise [43,45]. In
order to be plausible, storylines should link present events
seamlessly with hypothetical future events, and the assumptions
made and differences between the storylines must be easily visi-
ble. Consequently, storylines generally begin factual and become
increasingly speculative at they progress. The storylines were
constructed in three parts; ﬁrst the changes in the ﬁshery systems
were set out, then what these changes mean in terms of ﬁshing
opportunities were outlined, and ﬁnally the storylines described
the consequences for the behaviour of the ﬂeet.
2.5. Cross-cutting behaviours
In this stage, the expected ﬁsher behaviours under the different
scenarios (a future and its associated storyline) were compared.
This stage allowed opportunity for discussion on the sustainability
of the ﬁshery under alternative futures, and identiﬁcation of which
behaviours were common to more than one scenario and which
were unique to one particular scenario. This ﬁnal stage therefore
served as the basis for recommendations concerning which of the
ﬁsher behaviours should be key considerations of policymakers
when planning future management policies.3. Assessment of the system
3.1. Operational, geographical and historical context
The tuna purse seine ﬁshery exploits the surface schooling
behaviour of three principal species; skipjack Katsuwonus pelamis,
yellowﬁn Thunnus albacares, and bigeye tuna Thunnus obesus. In
the open ocean tunas naturally aggregate in free-swimming
schools (free schools) or associate with ﬂoating objects (associated
schools), such as logs or branches [17]. Tuna ﬁshers have learnt to
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aggregating devices (FADs) into the ocean to increase and expedite
catches. A distinction is usually made between the two school
types due to differences in the species composition of the catch,
although skippers will generally target a mixture of free and as-
sociated schools during ﬁshing trips [13]. Tuna schools are found
using a variety of tactics and strategies, including satellite buoys
and echo sounders attached to FADs, cooperation and information-
sharing between skippers and the use of meteorological forecasts
and environmental ‘nowcasts’ based on satellite remote sensing
data from which promising tuna habitat is identiﬁed [8].
An industrial purse seine ﬁshery for canning-grade tropical
tunas began in the Indian Ocean in the early 1980s, when French
and Spanish ﬁshing ﬁrms moved vessels into the region from the
tropical eastern Atlantic in search of new ﬁshing grounds. There is
still exchange of vessels between these two oceans, orchestrated at
the level of the ﬁrm and based on perceived relative ﬁshing op-
portunity in either ocean (Fonteneau, personal communication).
Early operations were based in Port Victoria, Seychelles, which has
remained the primary port of call for landing and transshipping
catch, refuelling and resupplying and exchanging crew [38]. The
European-owned distant water ﬁshing ﬂeet continues to dominate
the ﬁshery in the western Indian Ocean and have established a
ﬁrm commercial foothold around Seychelles, Mauritius and
Mayotte. Asian purse seine ﬂeets are constrained mainly to the
eastern Indian Ocean due to proximity to landing sites (e.g. Thai-
land) despite purse seine ﬁshing generally being much poorer in
that region due primarily to the deeper thermocline, which re-
duces the vulnerability of tunas to surface gears [12]. We did not
attempt to anticipate the expansion of the Asian purse seine ﬂeet
into the western Indian Ocean in our scenarios as we had very
little basis to justify our assumptions of how this would happen.
The size of the European-owned ﬂeet has grown considerably
since its beginnings in the 1980s, largely due to the intensive use
of FADs [13]. Throughout the 1990s and early 2000s French and
Spanish ﬁshing companies invested in larger purse seine vessels,
at an estimated cost of US$20 million per vessel, which offered
numerous commercial advantages including the ability to make
extended ﬁshing trips with larger ﬁsh-wells [7]. However, because
larger vessels are more sensitive to increasing operating costs (e.g.
fuel price; [33]) it was necessary for ﬁshing companies to adopt
increasingly competitive ﬁshing strategies to achieve the high
annual catch thresholds necessary to remain proﬁtable (e.g. circa
15–20,000 t; Fonteneau, personal communication). Consequently,
purse seine ﬁrms have become increasing reliant on the use of
FADs to achieve the very large catches needed to remain proﬁtable
[24,7].
The tuna caught by the Indian Ocean tuna purse seine ﬁshery
are destined mainly for the canning industry. Canned tuna is
second only to prawn/shrimp as the largest internationally traded
seafood product in terms of value and volume. Appetite for tuna is
particularly strong in Europe, and the EU is one of the largest
markets for canned tuna in the world, split between 5 principal
consumers: Spain, Italy, the UK, France and Germany (FAO [18]).
Premium-quality yellowﬁn tuna, canned in olive oil, is favoured by
the southern European market, especially Italy and Spain, whereas
lower-value skipjack tuna, canned in brine or vegetable oil, is
preferred in the northern European market, especially the UK and
Germany [7]. Both of these commodities are produced using tunas
caught in the Indian Ocean purse seine ﬁshery, which are landed
in the Seychelles, Mauritius and Madagascar and processed in local
canneries, or transshipped and sent to canneries in Europe, Asia
and South America for processing [38].
The Indian Ocean tuna purse seine ﬁshery is managed by the
Indian Ocean Tuna Commission (IOTC), one of ﬁve regional ﬁsh-
eries management organisations (RFMOs) responsible formanaging tuna stocks in international waters around the globe.
Member states that comprise the IOTC include Indian Ocean
coastal and island nations, as well as several Asian, European and
other distant water ﬁshing nations (DWFNs) with ﬁshing interests
in the region. The IOTC is ultimately responsible for setting catch
limits, undertaking stock assessments and regulating ﬁshing rights
and has the power to take legally binding decisions that must be
implemented by the various Contracting Parties. Scientiﬁc work
underpins management decision making and is conducted by
national scientists from the IOTC member states and reviewed at a
Scientiﬁc Committee. On the basis of this scientiﬁc advice mem-
bers at the IOTC annual session consider conservation and man-
agement measures (CMMs), and if a measure is agreed to by a two-
thirds majority it becomes binding.
Since the early 2000s the primary management problem facing
the IOTC, as with all tuna RFMOs, has been overcapacity in the
ﬂeet [2,29]. As a ﬁrst step towards addressing overcapacity, in
2002 the IOTC attempted to limit access to the ﬁshery by creating
a Record of Authorised Vessels (RAV), a register of vessels of
greater than 24 m length that were authorised to ﬁsh in the IOTC
area of competence (Resolution 14/04; http://www.iotc.org/cmms;
accessed 16th June 2015). This Resolution has been updated and
superseded on a number of occasions to include restrictions on
vessel numbers and diversiﬁed to include smaller classes of ves-
sels, although the RAV has ultimately failed in its intended purpose
to maintain stocks at target levels [2]. Alternative controls on
ﬁshing effort were implemented from 2010 in an attempt to
control ﬁshing effort, in the form of a temporary closed area si-
tuated in a productive region of the ﬁshery, although this too
appears to have had little success in reducing catches in the ﬁshery
[13]. More recently, discussions have been held in IOTC on
adopting a rights-based management system, principally through
the determination of total allowable catch (TAC) and quota allo-
cation for stocks of yellowﬁn and bigeye tuna (Resolution 14/02;
http://www.iotc.org/cmms; accessed 16th June 2015). This is an
inevitably thorny issue, as it necessarily involves developing and
agreeing on criteria for allocating catches between the member
states of the IOTC, and it remains to be seen how and when this
fundamentally different approach to management will be
implemented.
3.2. Fleet behaviour and ﬁshing strategies
The behaviour of the purse seine ﬂeet is considered in terms of
three aspects of effort allocation dynamics; the allocation of effort
in space, the use of free school or ﬂoating object ﬁshing practices,
and participation in the ﬁshery. These effort dynamics are driven
by the behaviour of two fundamental decision making units; the
ﬁrm and the skipper. Fishing ﬁrms generally make higher-level
strategic decisions, for example to invest in new vessels, to mod-
ernise equipment, or move vessels into or out of the Indian Ocean
ﬁshery. Firms may also have a direct or indirect inﬂuence on the
nature of its vessels' ﬁshing operations, such as dictating catch
thresholds or encouraging certain ﬁshing practices. Skippers are
responsible for everyday ﬁshing decisions, and ultimately decide
how, where and when to ﬁsh. Each skipper's decision making is
inﬂuenced by the information available to them at any given time,
their personal preferences and objectives, their skill and experi-
ence and the ﬁshing resources available to them (e.g. crew, vessel
size and speed, ﬁsh-ﬁnding technology etc.).
The tuna purse seine ﬁshery sits within a much larger socio-
ecological system (SES; Fig. 1), and the behaviour of the ﬂeet is
inﬂuenced by the dynamics of four main system components; the
resource, the biophysical ocean, the IOTC and a variety of external
inﬂuences (Table 1). External inﬂuences on behaviour include geo-
political decisions (e.g. ﬁshing access agreements), socio-political
Indian Ocean Tuna Commission
External social influences 
Economic e.g. operating costs 
Market e.g. preferences
Geo-political e.g. protection
Resource dynamics 
Other biodiversity 
External bio-physical dynamics 
Target tuna stocks 
Global e.g. climatic anomalies 
Local e.g. upwelling 
Tuna fisheries 
Tropical tuna purse
seine
Socio-political e.g. piracy 
Other tuna fisheries 
Resolutions
Recommendations
Fig. 1. Conceptual overview of the social-ecological system that contains the western Indian Ocean tuna purse seine ﬁshery showing the main elements of the SES and the
linkages between them.
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fees etc.) and market pressures (e.g. consumer preferences). The
dynamism of these system elements varies considerably, and each
is characterised by different levels of uncertainty. For instance,
IOTC decision making tends to be slow paced and management
changes are gradual and often conservative [16,2], meaning that
ﬁrms may be able to anticipate the management situation some
way into the future. In contrast, external socio-political and socio-
economic inﬂuences can change rapidly and unexpectedly, for
example the designation of British Indian Ocean Territory (BIOT) as
a marine reserve in 2010 (FCO Proclamation Number 1 of 2010)
and the escalation of the piracy threat to ﬁshing vessels in the late
2000s [9]. Although there are many linkages and feedback loops
within this SES, the purse seine ﬁshing industry ultimately has
little or no control over most of the inﬂuences, beyond manage-
ment action, that shape the dynamics of effort allocation.4. Identiﬁcation of alternative futures
In considering the future of tuna purse seine ﬁshing in the
western Indian Ocean, and on the basis of current understanding
of the drivers of ﬂeet behaviour outlined in the assessment of the
ﬁshery system, three main uncertainties stand out:
1. Will more nations designate ecosystem-scale marine protected
areas (MPAs) similar to the BIOT marine reserve, and how will
this change access arrangements and ultimately the character-
istics of the ﬁshery?
2. Will consumer preferences for sustainable seafood strengthenTable 1
Key inﬂuences on the decision making of tuna purse seine ﬁrms and skippers and exam
Inﬂuence Example of behavioural response
Resource dynamics Firms may transfer vessels from the eastern Atlantic Oc
relatively high abundance of one or more target species
Biophysical ocean dynamics The depth of the thermocline can affect the surface-scho
ground, and weather and waves can determine where a
Fisheries management IOTC Conservation and Management Measures (e.g. are
haviour or encourage certain ﬁshing practices
Piracy Pirate activity is associated with personal and economic
ﬁsh in certain areas
Fuel costs Fuel costs are the single greatest variable cost in purse
travel in a trip or to what extent a skipper is willing to
Market conditions Demand for a certain species or product (i.e. sustainably
inﬂuence a skipper choice of target species or the desigin regard to tuna products, and how will this impact the choice
of ﬁshing practices in the purse seine ﬁshery?
3. Will management be ineffective, failing to prevent overﬁshing
of tuna stocks, and how will change in the relative abundance of
the main target species affect participation in the ﬁshery and
other aspects of effort allocation dynamics?
4.1. Increase in marine protection
MPAs in one form or another are becoming increasingly pop-
ular as tools for managing and conserving marine species and
ecosystems. The Convention on Biological Diversity called for 10%
of the world's ocean to be protected using some form of closed
area by 2010, although the target deadline has since been pushed
back to 2020. The World Parks Congress called for 20% of the
oceans, including the high seas, to be protected within reserves by
2012, and the World Summit on Sustainable Development called
for the creation of a global network of comprehensive, re-
presentative and effectively managed marine protected areas by
2012.
Recently, the Pew Ocean Legacy Program has proposed eco-
system-scale MPAs (‘megareserves’) in a handful of EEZs around
the world [35]. The ﬁrst of these to achieve formal protection in
the western Indian Ocean was BIOT in 2010. The designation of
BIOT was not linked to regional ﬁsheries management policy, be-
cause the UK government, which administers BIOT, does not have
a direct interest in tuna ﬁsheries in the region. However, whilst no
formal management plan has yet been developed, several objec-
tives of the reserve can be inferred, including the provision of a
scientiﬁc reference site and near shore and pelagic biodiversityples of ﬁshing behaviours in response to these inﬂuences.
Reference
ean into the Indian Ocean on the basis of perceived Fonteneau, pers. comm.
oling behaviour of tunas and inﬂuence choice of ﬁshing
vessel can ﬁsh
Marsac, pers. comm.
a closures, prohibited species etc.) can constrain be- [12]
risk and the threat of piracy can be a disincentive to [9]
seine ﬁshing and can determine how far a vessel will
search for free schooling tunas
[33]
sourced) can determine ex-vessel ﬁsh price and in turn
n of ﬁshing gears
[26,33]
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Although the Pew Ocean Legacy Program has not identiﬁed any
other potential megareserve sites in the western Indian Ocean, it is
still possible that other coastal and island nations will be moti-
vated to rescind ﬁshing access rights and protect part or all their
EEZ in the form of marine reserves. For example, in 2014 the
Seychelles government started exploring options for a
200,000 km2 marine reserve in its EEZ as part of a debt-swap in-
itiative with the UK, France and Belgium, facilitated by The Nature
Conservancy (http://www.nature.org/ourinitiatives/regions/africa/
wherewework/seychelles.xml; accessed 7th August 2015). Under
this initiative, the Seychelles government will set up a trust fund
to purchase, restructure and manage its debt. After 20 years, the
endowment is expected to be fully capitalised at $45 million and
will pay out $2.25 million per year to fund continued marine
conservation activities, including implementation of the marine
reserve.
Decisions such as these made by coastal states would ne-
cessarily carry considerable economic consequences, as the rev-
enue and support-in-kind gained from EU Fishing Partnership
Agreements (FPAs) or private agreements with tuna ﬁshing ﬁrms
is important to many Indian Ocean coastal and island nation
governments. However, examples from other parts of the world
suggest that this revenue could be compensated using alternative
ﬁnancial mechanisms, such as the endowment fund used by the
Kiribati government to fund the Phoenix Island Protected Area
(PIPA; http://www.phoenixislands.org/trust.php; accessed 1st De-
cember 2013).
4.2. Growing consumer preference for sustainable seafood
The principal market for purse seine-caught tuna is Europe [7].
Here consumer pressure for sustainably sourced ﬁsh is strong and
seafood certiﬁcation schemes, such as that of the Marine Stew-
ardship Council (MSC), are popular [28]. In this environmentally-
aware social climate, becoming associated with sustainable pro-
duction has business advantages. To date one purse seine ﬁshery
in the Western and Central Paciﬁc convention area has been
awarded certiﬁcation by the MSC, although this has been ex-
clusively for free schools of skipjack tuna, and in the Indian Ocean
at least one ﬁshing company (Echebastar) has formally explored
the possibility for MSC certiﬁcation for free school catches (http://
www.msc.org/track-a-ﬁshery; accessed 12th June 2015).
There is growing discomfort with the practice of ﬁshing for
tuna around ﬂoating objects. This practice is associated with sev-
eral potential negative ecosystem impacts, most notably catch of
juvenile tunas and bycatch of non-target species, including vul-
nerable (and charismatic) species of sharks and turtle [1,6]. Fur-
thermore, there is concern that the intensive use of FADs, if left
unchecked, might exacerbate issues of overcapacity and ultimately
lead to the unsustainable exploitation of tuna stocks [19,20]. There
is currently little control on the use of FADs in the western Indian
Ocean, although there has been increasing discussion within IOTC
on managing their use more strictly [13,19].
The ‘dolphin-safe tuna’ campaign in the late 1980s set a pre-
cedent for consumer-driven change in the operation of tuna ﬁsh-
eries. This campaign, lead by a coalition of environmental orga-
nisations in the USA, was in protest at the bycatch of large num-
bers of dolphin in the nets of purse seiners in the eastern tropical
Paciﬁc Ocean, and was ultimately successful in improving the
management policies of the Inter American Tropical Tuna Com-
mission (IATTC) and changing US legal standards for catching tu-
nas in dolphin-safe practices [47]. Whilst the issues of purse seine
bycatch in the western Indian Ocean are arguably less con-
troversial in the eyes of the public than in the case of the eastern
Paciﬁc, there is still strong pressure from organisations such asGreenpeace and WWF (through its Smart Fishing Initiative) to be
cautious buying purse seine caught tuna, or even avoid altogether
tuna caught using FADs. Some organisations are already lobbying
or working with the purse seine industry to reduce the environ-
mental impacts of FADs, mainly through technological innovation
(see http://iss-foundation.org/resources/downloads; accessed 4th
June 2015). However, should the industry aim to achieve sustain-
able seafood certiﬁcation through schemes such as the MSC,
ﬁshing ﬁrms would be obliged to make far bolder changes to their
operations in order to address a broader range of sustainability
issues.
4.3. Depletion of tuna stocks
In the western Indian Ocean the three main target species of
tropical tuna – yellowﬁn, skipjack and bigeye tuna – are currently
considered to be exploited at sustainable levels (F/FMSYo1; [27]).
Stocks of these species are differentially susceptible to overﬁshing
due to variation in growth rate, the age of sexual maturity and
duration of spawning. For example, yellowﬁn tuna, which is a
large and relatively slow-growing species, lives a maximum of 10
years but reaches sexual maturity relatively late (2.8 years) and
spawns for only half of the year. In comparison, smaller skipjack
tuna, which live for 4–5 years, grow quickly, reach sexual maturity
sooner (1.8 years) and spawn all year. Consequently, stocks of
skipjack are generally considered to be able to withstand greater
levels of exploitation than yellowﬁn and the biologically similar
bigeye tuna [21].
Although tropical tuna stocks in the western Indian Ocean are
currently in a healthy state, there are a number of drivers that
could potentially lead to overﬁshing. In the case of skipjack, in-
vestment in larger vessels by ﬁshing ﬁrms is likely to result in an
increase in the use of FADs (Davies et al. FAD), and in turn ﬁshing
mortality of skipjack stocks. Signs of growth overﬁshing in the
Atlantic Ocean in the late 1990s were attributed to the intensive
use of FADs [20], and there is concern that unchecked expansion of
FAD ﬁshing in the eastern Paciﬁc Ocean may ultimately lead to
overexploitation of regional skipjack stocks [31]. Also, although
skipjack are caught mainly in the purse seine ﬁshery (38% of catch
share in 2010), large quantities are also caught by vessels using
gillnet (36%), pole-and-line (17%) and miscellaneous gears (9%;
[27]), and growth in these ﬁsheries would be expected to increase
ﬁshing pressure on skipjack stocks.
In the case of yellowﬁn and bigeye stocks, ﬁshing mortality
from gillnet and longline gears (28% and 15% of catches in 2010;
[27]) is expected to increase as socio-political conditions in the
Indian Ocean change. Increasing pirate activity in the northwest
Indian Ocean during the mid 2000s displaced ﬁshing activity,
particularly the longline ﬂeet, into other parts of the Indian Ocean
[26,9], but attempts to control this threat (e.g. NATO counter-pi-
racy operations, private security personnel etc.) has already al-
lowed some of this ﬂeet to return to the western Indian Ocean in
2013 (Seychelles Fishing Authority, pers. comm.). As the threat of
piracy is reduced in future years, the presence of longline and
gillnet vessels in the western Indian Ocean might be expected to
increase further, leading to a signiﬁcant increase in ﬁshing pres-
sure on stocks of yellowﬁn and bigeye tuna.5. Constructing scenario storylines
5.1. Protected ocean
The designation of BIOT as a marine reserve in 2010 sets a
precedent for marine conservation in the Indian Ocean. Interna-
tional marine conservation organisations have a strong voice in
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marine reserves gain momentum. In the late 2010s, with existing
ﬁshing ﬂeets beginning to overexploit stocks, a number of East
African coastal states opt to close their EEZs to industrial tuna
ﬁsheries rather than to develop their own national offshore ﬂeets.
This decision is motivated not only by the deterioration of tuna
stocks, but also because the protection of very large areas of ocean
serves as a big leap forward in achieving international biodiversity
conservation targets for protected areas. The closure of national
EEZs to industrial ﬁshing necessarily involves withdrawal from EU
ﬁsheries partnership agreements or privately negotiated access
arrangements, although in most cases the opportunity costs as-
sociated with prohibiting ﬁshing access are offset using alternative
ﬁnancing mechanisms. In the early 2020s, with existing manage-
ment measures largely failing and stocks of yellowﬁn and bigeye
in a chronically depleted state, pressure mounts within IOTC for
the implementation of a robust policy of spatial management.
These proposals are seen as over-precautionary by some members
and initial negotiations stagnate. However, coordinated awareness
campaigns run by environmental organisations in Europe and Asia
help to steer political opinion, and by the mid 2020s consensus is
reached within the IOTC to close a large area of the high seas to the
industrial ﬂeets. This single area closure is situated in the north-
west Indian Ocean and excludes ﬁshing from a highly productive
region associated mainly with ﬁshing on FADs [13].
The implementation of marine reserves and ﬁshery closures
affects where the purse seine ﬂeet can operate. The closure of
several EEZs along the east African coast in the mid-2010s modi-
ﬁes the characteristics of the ﬁshery by excluding the purse seine
ﬂeet from parts of the productive spring and summer ﬁshing
grounds. In each instance of an EEZ being closed to the ﬁshery, the
immediate response of the ﬂeet is to reallocate effort into adjacent
areas. This initial reallocation of effort is exploratory, as ﬁshers,
forced to break from tradition, investigate alternative grounds (see
[15]). After a few years, the allocation of effort settles into a new
pattern as skippers become familiar with the modiﬁed grounds of
the ﬁshery. The EEZ closures mainly affect the activities of the ﬂeet
in the west and southwest regions of the ﬁshery, although the
most productive summer grounds in the northwest Indian Ocean
remain accessible. However, this changes following the im-
plementation of an IOTC high seas area closure in the mid-2020s,
which denies the ﬂeet access to a signiﬁcant part of the Somali
Basin ﬁshing grounds. The response of the ﬂeet is again to re-
allocate effort into adjacent areas. The size and positioning of the
IOTC closure forces the majority of effort to be allocated into re-
latively less productive grounds in the central western Indian
Ocean, many of which have already been ﬁshed intensively in
previous months. Subsequently, facing a shortfall in catches and
increased competition with other vessels, skippers attempt to
maintain catch rates by intensifying the deployment of FADs (see
[11,13]), and, in some cases where ﬁshing opportunities are per-
ceived to be very poor, ﬁshing ﬁrms reallocate vessels into the
Atlantic Ocean, where there are fewer spatial restrictions in place.
5.2. Sustainable seafood
In the mid 2010s, consumers in Europe are increasingly fa-
vouring sustainably sourced tuna. Campaigns spearheaded by in-
ﬂuential environmental groups communicate to the public the
sustainability issues associated with the use of FADs in purse seine
ﬁsheries, focusing on issues of bycatch and overﬁshing. The cam-
paigns also pressure major supermarket brands to promote or
exclusively source tunas caught using sustainable methods. The
initial response by the purse seine industry to these campaigns is
two-pronged. Firstly, ﬁshing companies endeavour to supply ad-
ditional data to IOTC scientists on the use of FADs in order thatuncertainties in their environmental impact can be better in-
vestigated. Secondly, at a global scale, the industry begins to de-
velop more environmentally friendly FAD-ﬁshing methods.
Nevertheless, uncertainties about the ecological impact of FADs
remain, and whilst technological innovation does reduce bycatch
and ghost ﬁshing by FADs, environmental groups continue to ex-
press serious concern over the contribution of FADs to overﬁshing.
FAD-caught tuna is unappealing to much of the European
market, and free school-caught ﬁsh is regarded as the best choice.
In the late 2010s, recognising the direction that the sustainable
seafood movement is going, several of the smaller purse seine
ﬁshing ﬁrms invest in newer, more efﬁcient vessels that can pur-
sue free schooling tunas with lower operating costs. By the mid
2020s, although unable to achieve formal certiﬁcation of sustain-
ability, these companies are marketing themselves as using “clean,
sustainable purse seine methods” and sell their products in the
European market at a premium. In contrast, many of the larger
Spanish-owned vessels, which are reliant on FADs to remain
proﬁtable, suffer as a result of the change in consumer preference.
By the late 2010s, several of the largest vessels tie up in port, but,
with no option to transfer operations into the Atlantic, which
supplies the same European market, vessels owners are forced to
sell these vessels. This divergence in strategies opens up a divide
in the ﬁshery, with part of the ﬂeet targeting mainly free schools
for the premium European market and the other targeting mainly
FADs and selling to the budget and non-European components of
the market. Moreover, these components of the ﬂeet ﬁsh on dif-
ferent grounds, with the free school-oriented ﬂeet ﬁshing mainly
in subequatorial waters where free schools are most abundant,
and the FAD-oriented ﬂeet focusing on the northwest and south-
west grounds where ﬂoating objects exist at high densities [30].
5.3. Depleted ocean
In the mid 2010s, none of the three main target stocks is con-
sidered to be overexploited, partly as a result of the negative in-
ﬂuence of piracy on purse seine and longline catches. On-going
NATO counter-piracy operations, along with the protection pro-
vided to shipping by private security ﬁrms, are successful in re-
ducing the pirate attack rate and many vessels feel more conﬁdent
in ﬁshing in the northwest Indian Ocean. Thus, as the threat of
piracy lifts during the 2010s, longline and gillnet ﬂeets report very
high catch rates of yellowﬁn and bigeye. This bounty of catches
prompts several nations to increase their participation in these
ﬁsheries, and the subsequent inﬂux of additional ﬁshing vessels
into the northwest Indian Ocean rapidly exacerbates the already
high ﬁshing pressure. This increase in ﬁshing capacity is largely
unchecked due to clauses in the IOTC mechanism for regulating
capacity, the RAV, that are designed to safeguard development
potential of emerging ﬁshing nations. By the mid-2020s the
spawning stocks of yellowﬁn and bigeye are considered over-
exploited and catch rates fall in all ﬁsheries, including purse seine,
which in particular experiences a gradual decline in catch rates on
free schooling yellowﬁn tuna.
In response to falling stock abundance in the late 2010s, most
purse seine skippers increasingly use FADs to maintain overall
catch rates. This increases the proportion of small and juvenile
yellowﬁn and bigeye in the catch, and skippers must work harder
to ﬁll their ﬁsh wells. Moreover, as the use of FADs varies by re-
gion, this shift in ﬁshing practice also results in a subtle adjust-
ment in ﬁshing grounds, with more effort allocated into western
grounds where ﬂoating objects exist at higher densities. By the
mid-2020s the localised deployment of more FADs in these
grounds results in a decrease in the average size of sets and an
increase in search costs, as vessels must move between a higher
number of FADs to achieve sufﬁcient catches (see [41]). This
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erating larger, less fuel efﬁcient vessels, and some choose to tie up
a number of vessels in their ﬂeets temporarily until ﬁshing con-
ditions improve.6. Cross-cutting behaviours
The three scenarios present imaginary but not implausible fu-
tures for the western Indian Ocean tuna purse seine ﬁshery, and
describe a number of ways in which the ﬂeet may respond to
change. It is not anticipated that any of these futures will emerge
exactly as described in the storylines, although aspects of one or
more futures may occur. The protected ocean scenario describes a
mostly positive future for the Indian Ocean tuna stocks, with
ﬁshing pressure lifted from larges areas of ocean, but changes to
the system are economically undesirable from the perspective of
the ﬁshing industry. Fishing opportunities are squeezed into a
small area, increasing competition between vessels and prompting
an increase in the use of FADs. The sustainable seafood scenario
also describes a generally positive outlook for the resource, al-
though the prognosis for the ﬁshing industry is mixed. Some ﬁrms
are able to tailor their operations to free school ﬁshing, whereas
other are less ﬂexible and must continue to ﬁsh intensively using
FADs in order to remain proﬁtable. The depleted resource scenario
is the only one that is negative for both the resource and the in-
dustry. Although overﬁshing of tuna stocks occurs mainly as a
result of increased exploitation rates by other tuna ﬁshing gears in
the region, the consequences are keenly felt in the purse seine
ﬁshery, and skippers must increasingly use FADs in order to
maintain proﬁtable levels of catch.
Comparison of the scenarios reveals several commonalities in
possible future behaviour of the ﬂeet, as well as a number of be-
haviours speciﬁc to certain changes in the system (Table 2). A
behaviour that was likely across all scenarios was a shift in ﬁshing
practice. In the protected ocean and depleted ocean scenarios, this
was observed as an increase in the use of FADs, with skippers
attempting to maintain catch rates using this highly effective
ﬁshing practice in the face of shrinking ﬁshing opportunities.
However, it should be noted that in the protected ocean scenario
there was an increase in the deployment of FADs (in areas that
remained accessible to ﬁshing), whereas in the depleted ocean
scenario there was a spatial shift by the ﬂeet to ﬁsh in existing
high density FAD areas. These may be regarded as proactive and
reactive behaviours, respectively. In comparison, in the sustainable
seafood scenario several companies changed their focus to spe-
cialise in ﬁshing on free schools, and this shift in ﬁshing practice
was also associated with reallocation of effort into grounds most
appropriate for the ﬁshing practice. In all instances the overridingTable 2
Cross-tabulation of ﬁshing behaviours in the imagined future scenarios, showing
commonalities or peculiarities in behaviours. The likelihood of the behaviour is
represented by the þ or  , where þþþ indicates a very likely behavioural
response.
Fishing behaviour Scenario
Protected
ocean
Sustainable
seafood
Depleted
ocean
Switch in ﬁshing practice
to/from FADs
þþ (to) þþþ (from) þþ (to)
Reallocation of effort in
space
þ þþ þþ
Investment in new
vessels
 þ 
Exit from the ﬁshery þ þ þincentive to increase the use of one practice or the other was
considered to be economic; skippers favoured the ﬁshing practice
that would achieve the greatest proﬁts. However, it should be
considered that some skippers are more inclined, either through
specialisation, personal preference or some other factor, to ﬁsh on
FADs than on free schools, and vice versa [34], meaning that shifts
in ﬁshing practice, if they do occur, may not be observed at the
same rate for all ﬁshing ﬁrms and individuals in the ﬁshery.
Another common behaviour observed across the future sce-
narios was the reallocation of effort in space, although this varied
in magnitude from subtle shifts in the areas ﬁshed in the sus-
tainable seafood and depleted ocean scenarios, to complete dis-
placement from former ﬁshing grounds in the protected ocean
scenario. As with shifts in ﬁshing practice, these behaviours might
be regarded as proactive (sustainable seafood and depleted ocean)
and reactive (protected ocean), and consequently their drivers are
likely to be very different. The subtle shifts in ﬁshing grounds
predicted in the sustainable seafood scenario were the result of
decisions made by skippers to ﬁsh in areas with known FAD or free
school opportunities, depending on their preferred ﬁshing prac-
tice, and were therefore linked to overarching ﬁshing strategies,
for example the maximisation of proﬁt, and driven by ﬁshers'
knowledge, past experiences and attitude to risk. In contrast, the
displacement of effort imagined in the protected ocean scenario
was a forced response by the ﬂeet, with skippers left with little
option but to move into suitable grounds in other parts of the
ocean that remained accessible to ﬁshing. This reactionary beha-
viour therefore may not be driven by heuristics, but instead by
prevailing environmental conditions, ﬁshers' intuition and the
recent activity of others [12].
The sustainable seafood scenario was the only future in which
new opportunities emerged, and consequently in which some
ﬁshing companies chose to invest in new vessels. In the other
scenarios, both of which painted negative pictures of ﬁshery pro-
duction, catch rates suffered and investment in new vessels was
consequently unlikely. Instead, exit from the ﬁshery was a com-
mon behaviour in these scenarios, with the largest and least
economical vessels the most likely to be tied up in port or sold.
This temporary or permanent decommissioning of vessels by
ﬁshing ﬁrms was imagined in the scenarios as a last remaining
option, with palliative behaviours such as an increase in the use of
FADs failing to achieve proﬁtable catch rates. An alternative
plausible strategy by ﬁrms might be to withdraw vessels from the
ﬂeet at an earlier time in order to reduce costs and lessen com-
petition with remaining vessels.7. Possible IOTC interventions
In addition to identifying possible ﬂeet behaviours, it is also
useful to consider what, if anything, the IOTC might do to change
the course of the imagined storylines. In the protected ocean sce-
nario, the behaviour of the ﬂeet is ultimately inﬂuenced by an
external element of the ﬁshery system, namely public opinion and
government obligations in respect to the conservation of marine
biodiversity (Fig. 1). The IOTC has little control over these societal
inﬂuences, and consequently can probably do little to inﬂuence
the protected ocean scenario should it emerge as imagined. In the
sustainable seafood scenario, the main driver of behavioural change
– consumer preference – is also an external social element of the
ﬁshery system. However, in this scenario, consumer backlash
against unsustainable ﬁshing is partly the result of poor manage-
ment by the IOTC in respect to the use of FADs by the purse seine
ﬂeet. Hence, the course of the sustainable seafood storyline could to
a certain extent be inﬂuenced by the implementation of timely
and appropriate regulation on the use of FADs. The depleted ocean
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effectively managed using existing controls, and hence pressure
for behavioural change comes directly from the management of
the ﬁshery and the actions of the ﬂeets. More so than the others
the IOTC has the opportunity and inﬂuence to change the course of
this scenario, for instance through the design and implementation
of rights-based management approaches that speciﬁcally address
the perverse incentives for overﬁshing a common resource [29].8. Recommendations for future research
A skipper's choice of ﬁshing strategy in the short term is a key
behaviour that policymakers should aim better to understand, and
some work has already been directed at this topic. This work has
mostly focused on identifying the factors that determine whether
a skipper is a FAD or free school ﬁsher in the Indian Ocean purse
seine ﬁshery [24]. However, there has been no work directed at
understanding the drivers of change from one ﬁshing practice to
another, and indeed the ﬂexibility of ﬁshers to do so, and the roles
of the ﬁrm and the skipper in making these decisions. This should
be a priority for research. Moreover, Moreno et al. [34], who
highlight the variation in skills needed for FAD and free school
ﬁshing, suggest that research into this aspect of behaviour should
consider not only economic drivers, but also the inﬂuence of cul-
ture and a skipper's knowledge, experience preference and habits
on decision making.
The movement of ﬁshers in space is another important beha-
viour for policymakers to consider. Davies [12] focussed on un-
derstanding the drivers of ﬂeet-level behaviour, which is char-
acterised by seasonal movement between regions of the western
Indian Ocean. The role of the ﬁrm in the spatial behaviour of
vessels was not examined, but should be considered in future
work in order better to understand the top-down inﬂuence of
ﬁrms on how and where skippers operate. Furthermore, future
work should aim better to understand the link between the long
term strategic decision making of ﬁrms (e.g. investment in vessels)
and the short term spatial behaviour of its assets (e.g. skippers'
specialisation on FADs or free schools). Similarly, investigation into
the decision making of purse seine ﬁshing ﬁrms would yield
greater understanding of investment in new vessels and of entry
and exit from the ﬁshery.9. Final remarks
Resource users are the key link between policymakers, as well
as other social, economic and political elements of the system, and
the resource. Unexpected behavioural responses to these system
dynamics can potentially result in unwelcome or even disastrous
management outcomes, and there is considerable beneﬁt to ﬁsh-
ery management planning in forecasting system dynamics and
anticipating the behaviour of ﬁshers. However, uncertainty is an
inherent characteristic of the future and can frustrate the task of
evaluating alternative management policy options. Although re-
ducing uncertainty in the dynamics of natural and social systems
has long been a focus of ﬁsheries science, many aspects of the
future remain unpredictable using models, either because of in-
sufﬁcient understanding of system dynamics or through un-
controllable, irreducible uncertainty.
In this study scenario planning, in the absence of reliable pre-
dictive models, was used to peer into the future and identify key
uncertainties which may change ﬁsher behaviour. These scenarios
were not intended as predictions of the future, but instead they
were used to identify uncertainties in ﬁsher behaviour that may
limit the ability of policymakers to evaluate how alternativemanagement policy options will fare in the future. The ﬁndings
presented here suggest that some ﬁshing behaviours are likely
under several possible scenarios. These behaviours, if enacted,
would be expected to alter the dynamics of ﬁshing effort and, in
some cases, affect the sustainability of the ﬁshery. It is therefore
argued that these behaviours, which are only partially understood,
should be a critical focus of research in order that robust man-
agement policies can be designed and evaluated.
This application of scenario planning in a ﬁsheries manage-
ment context is novel, but has been highly constructive in sti-
mulating thinking on system drivers of ﬁsher behaviour, and un-
certainty in the future of these system dynamics. In particular,
scenario planning has served to highlight that the behaviour of
ﬁshers is not a static element of a ﬁshery system, and that it must
be afforded greater importance in management planning. There
are also ways that the planning exercise presented here could be
adapted, for example by extending the timeframe over which
system dynamics are considered to explore the effects of climate
change on tuna stocks, ﬁshery production and ﬁsher behaviour.
Indeed, the focus of scenario planning can be directed at almost
any aspect of the system where model-based forecasting is un-
reliable or impossible. Furthermore, as scenario planning can be
carried out as a relatively rapid and inexpensive exercise, it could
be undertaken by policymakers on a regular basis (e.g. every few
years) to help redeﬁne priorities and consideration of future
ﬁsheries management policy.Acknowledgements
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